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ABSTRACT
The paper analyses unconventional connection of a 
three-phase transformer with asymmetric source and load.
In the first step no-load condition of a three-phase trans-
former is calculated.  Then no-load Yy a Yd transformer 
with asymmetric source and Yd transformer with 10Ω load 
on secondary circuit were modelled in EMTP-ATP pro-
grammes.
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1 INTRODUCTION
During measurement, one-phase load was connected to a 
TSC three-phase transformer (85 kV·A, 380 V / 8 V). The 
current was too high for the requirements of measurement 
therefore ways to reduce it were searched for. The input volt-
age control would be complicated. After disconnecting of one 
phase the current was too low and only connecting the input 
phase with earth brought required effect. Moreover at the 
beginning the connection of winding of a transformer was 
unknown. The paper analyses unconventional connection of a 
three-phase transformer with asymmetric source and load.
2 NO-LOAD CONDITION OF A THREE-PHASE 
TRANSFORMER
To simplify calculation, first a three-phase transformer 
with transformer (Fig. 1) ratio 1 is chosen (for connection of
Yy. Input phase voltage of the source is 1 kV, main linear 
reactance equals X = 1 k leakage reactance is neglected and
reluctivities of a three-phase circuit are identical. 
With the above given values and in no-load condition, the 
current in a one-phase transformer is:
(1)
In case of a three-phase core transformer, mutual induc-
tance will show. When beginnings and ends are the same, 
current will flow through winding A into windings B and C 
and will be halved (current divides into two pillars and direc-
tion is reversed).
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Fig. 1 Three-phase transformer
Determination of Source Currents
In case of 1kV phase voltage, voltage phasor is equal to 
1, phase B is a2 and C a, where phasor a = - 0,5 + √3j / 2. 
Kirchhoff’s laws for A, B and C source currents and equa-
tions for two meshes are:
(2)
(3)
(4)
Final phase currents in amperes:
(5)
(6)
(7)
Hence, main reactance is 1 / 0.667 = 1.5 k. With the 
same voltage and number of coil turns, no-load current of a 
three-core transformer is lower than that of a three one-phase 
transformer.
3 NO-LOAD YY A YD TRANSFORMER WITH 
ASYMMETRIC SOURCE
Modelling in EMTP-ATP programmes was used for fur-
ther analyses. Simultaneously, a model of an inductively 
coupled RL circuit and a BCTRAN model were compared. 
The values for the RL model were: RL = 1 m, L = 1 k, M =
-500 Specifications for a BCTRAN model in a Yd con-
nection are: 1.732 / 1 kV, S = 0.1 MV·A, i0 = 2 %, P0 = 10 W, 
uk = 0.5 %, Pk = 20 W. Resistances are insignificant in both 
models.
3.1 Connection of Voltage Source on One Phase
The coil flow induced by the source current  U / X = 1 / 1 
= 1 A divides in two identical flows and in coils of further 
phases 500 V half voltage will be induced.
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Fig. 2 Voltage source on one phase
The scheme shows the case described above. The RL 
model is on the left and the BCTRAN is to the right of the 
source. At Yy connection the transformer model fails, the 
voltages on switched off phases are zero and the current from 
the source is only 0.667 A instead of 1 A. In Yd connection 
the BCTRAN model behaves correctly.
3.2 Two-phase Voltage Source Connection
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Fig. 3 Two-phase voltage source 
A mesh equation (with zero resistances):
(8)
By substituting the above given values, the current is 0.33 
A. The node voltage is half, i.e. 500 V. Both models confirm 
the calculation and voltages are independent of connection in 
BCTRAN model.
4 YD TRANSFORMER WITH 10 LOAD ON 
SECONDARY CIRCUIT
4.1 One-phase Power Supply
To verify correctness of BCTRAN model a calculation 
and a model of a six-phase RL circuit was used (with reac-
tance index values: 11 = 22 = 33 = 44 = 55 = 66 = 14 = 25 = 
36 = 1 and others are equal to -0.5). The source current is I1, 
resistance current R is I. In BCTRAN both Yy and Yd con-
nections work correctly. Simulated values are verified in the 
following circuit (with neglected resistances in a circuit).
Equations for the scheme Fig. 4 - source and resistance 
are on different pillar
(9)
(10)
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Fig. 4 Ssource and resistance are on different pillar
Hence, after adaptation and (zero delta current):
       (11)
Equations for the scheme Fig. 5 - source and resistance 
are on the same pillar
(12)
(13)
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Fig. 5 Source and resistance are on the same pillar
The second equation after modification:
(14)
(15)
4.2 Two-phase Power Supply
Concerning load, specification is the same as in the previ-
ous case, simulations and calculations correspond.
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Fig. 6 Two-phase power supply
Equation as in the Fig. 6 Scheme:
Source current I1, R resistance current is I. Reactance 
holds (see above):
(16)
(17)
Hence after modification and substitution (zero delta cur-
rent in the secondary winding):
(18)
(19)
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Fig. 7 Two-phase power supply
The Fig. 7 Scheme:
The voltage of a three-phase source is 0.1 V in the central 
phase and 500 V in the side phases. For an optimal source 
this means earthing of the central phase.  (Beware the three-
phase source in ATP – when entered as one-phase multiplied 
by three and then switched to one-pole, the setting stays the 
same. That is why the values must be reset for asymmetric 
source.) Resistance current is 44.1 A, source current 1.8 A in 
A and B phases and 2.4 A in the C phase.
5 TSC TRANSFORMER
The currents that were measured in experimenting with a 
connected TSC transformer were verified on another trans-
former and comparing them confirmed that the TSC trans-
former has no Yy connection.  The only connections are Yd 
and Dy. As the plate on the three-phase transformer contained 
only capacity and voltage data, the model had to be based on 
the measured values.  Voltage 2.73 V with 900A current was 
measured on the load, which complies with 3 m impedance.
The subsequent calculation analysis defined its character
1.34 m+ 2.7j m
On the basis of the above mentioned, first a six-phase 
model of a RL circuit was designed. The secondary quantities 
were converted to primary voltage to simplify determination 
of mutual inductance.  For supposed Yd scheme, the delta
comprised small resistances of 1k which were used as indi-
vidual resistances in coupled circuits. The mutual reactance is 
halved and reversed for selected reactance 100 . Hence, no-
load current equals 1.47 A (220 / 150, see above) at 
220 V phase voltage. Primary TSC nominal current for 
380 V and 85 kV·A is:
(20)
No-load current therefore represents approx. 1.14 %. 
Nominal impedance of a TSC transformer is:
(21)
For the above set values of individual and mutual induct-
ances the short-circuit current is limited by resistances in the 
circuit. For that reason leakage reactance was respected and 
the values of mutual reactances of windings on one pillar
were lowered, here to 99.957 . This value represents 5 % of 
short-circuit voltage and short-circuit reactance equals 
0.05 · 1.7 = 0.085 . As there is a relation among individual, 
mutual and short-circuit inductances, the mutual reactance is:
(22)
(23)
Other selected parameters of a TSC transformer are los-
ses P0 = 50 W a Pk = 500 W.
Constructed RL model (Fig. 7) and BCTRAN model 
(Fig. 8), see scheme, corresponded with each other.
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Fig. 9 BCTRAN model
6 CONCLUSION
As for the final BCTRAN model of a TSC transformer 
(Fig. 9) with rated capacity of 85 kV·A and transformer ratio 
380 V / 8 V, these values were slightly modified: i0 = 3 %, 
uk = 5 %, P0 = 500 W, Pk = 1 kW. With load of 1.34 m+ 
2.7j mand line voltage 230 V, simulated current is 905 A 
and load voltage is 2.73 V. Even if we do not know the label 
values of a three-phase transformer, we can simulate via 
modeling this uncharacteristic operating condition (asymmet-
ric power supply and asymmetric load).
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